Background: Diabetes can increase the generation of free radicals and can be harmfully effective in spermatogenesis. Crocin is a carotenoid and is accountable for the red color of saffron. Crocin has shown numerous pharmacological actions such as antioxidant roles and radical scavenging. The aim of this study was to determine the effects of crocin on sperm parameters and the diameter of seminiferous tubules in diabetic rats. Materials and Methods: In this experimental study, diabetic rats were induced by Streptozotocin (STZ) (60 mg/kg). Sixty-four rats were equally divided into the following eight groups; (1) normal control group, (2-4) crocin groups, receiving various doses of crocin (12.5, 25, and 50 mg/kg), (5) diabetic control group, and (6-8) diabetic groups, receiving STZ plus crocin (12.5, 25, and 50 mg/kg) injected intraperitoneally once a day for 28 consecutive days. The sperm count, motility, morphology, viability, spermatogenesis index (SI), and the diameter of seminiferous tubules were examined and compared. Results: The results demonstrated that count, motility, viability, normal sperm morphology, SI, and the diameter of seminiferous tubules decreased significantly in the diabetic control group compared to the normal control group (P < 0.05). However, in the diabetic groups, count, motility, normal morphology, viability, SI, and the diameter of seminiferous tubules enhanced significantly in total doses compared to those of the diabetic control group (P < 0.05). Conclusion: It seems that, as a strong antioxidant, crocin could compensate for the toxicity induced through STZ and raise the quality of some sperm parameters.
Introduction
Sexual dysfunction is one of the main secondary complications in diabetic males. [1] Numerous factors can disturb spermatogenesis processes and reduce sperm's quality and quantity. [2] Some diseases such as diabetes affect spermatogenesis. Diabetes mellitus is a chronic disorder of carbohydrate, lipid, and protein metabolism, which is considered through hyperglycemia. Diabetes can involve male reproductive function at several stages. [3] Diabetes affects male reproductive function through increasing oxidative stress and oxidative injury in the testis. [4] Oxidative stress has been labeled as a significant factor in several diseases such as diabetes and has improved the production of free radicals. [5] Free radicals, membrane lipid peroxidation, and protein oxidation increase in diabetic patients. [6] An extreme production of reactive oxygen species (ROS) can be damaging to the sperm cells. [7] Hyperglycemia can lead to increase pro-inflammatory cytokines in the testis. On the other hand, a chronic inflammation increases the production of free radicals and ROS. [8] The spermatozoa plasma membrane contains great amounts of unsaturated fatty acids. Therefore, it is susceptible to peroxidative injury. [9] The lipid peroxidation destroys the structure of lipid matrix of spermatozoa membranes and disturbs sperm's motility. [10] It seems that the consumption of antioxidants can partially prevent the complications of diabetes. [11] Antioxidants have important effects on spermatogenesis. [12] Crocin is a carotenoid, which is commercially gained from the dried trifid stigma of the culinary spice Crocus sativus L. (saffron) and is responsible for the red color of saffron. [13] Since long ago, in traditional medicine, saffron has been used to treat infertility, impotence, and sexual potential stimulant. [14] Crocin was shown to have numerous pharmacological actions such as antioxidant, anticancer, radical 
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For reprints contact: reprints@medknow.com scavenging, and genoprotective effects. [15] Since diabetes has many effects on reproductive activities in men and no study has ever investigated the effects of the crocin on diabetes-induced impairments in sperm parameters and seminiferous tubules, the present study was carried out to evaluate the effects of crocin on disorders of sperm parameters in diabetic rats.
Materials and Methods

Animals
In this experimental study, 64 male Wistar rats (8 weeks old) with the weight range of 220-250 g were purchased from Razi Institute of Iran. Before the onset of the study, they were kept in an animal house for 1 week under controlled laboratory conditions at temperature 22°C ± 2°C and humidity (50%-60%). Besides, they were kept for 12 h in the lighting and 12 h in the darkness with free access to water and food in order to be improved to the new environment. To keep the rats, standard cages in a medical school where eight mice were put in each cage were used. [2] Chemicals
powder was purchased (Merck, Germany). [13] The powder was diluted through normal saline (0.9%) to make diverse doses. A streptozotocin (STZ) (S0130-500MG, Sigma-Aldrich, CO, St. Louis, USA) at 60 mg/kg was used. [10] 
Diabetic induction
To induce diabetes in the animals, the STZ (Sigma) was administered intraperitoneally (IP) (60 mg/kg). Three days after administration, blood samples were taken from the rats' cauda to ensure that they were diabetic. The rats with the blood glucose of more than 300 mg/dl were considered as diabetic and were maintained on a 12-h alternating light to dark cycle. The blood glucose was measured three times: (a) after the injection of STZ in order to ensure that the rats were diabetic, (b) 3 weeks after the initial injection, and (c) 6 weeks after the first injection. Furthermore, the serum glucose level was measured before STZ administration (90 mg/dl). [16] 
Experimental design
The rats were divided into eight groups in the following way: (1) the normal control group, received normal saline containing 100-mM sodium citrate and were fed with standard rodent diet and tap water throughout the study, (2-4) the crocin groups received crocin (12.5, 25 , and 50 mg/kg, respectively), (5) the diabetic control group received a single intraperitoneal administration of STZ and was fed with standard rodent diet and tap water throughout the study, and (6-8) the diabetic groups received a single intraperitoneal administration of STZ and were fed with standard rodent diet and tap water supplemented with 12.5, 25, and 50 mg/kg crocin 5 days after the administration. The experiment was carried out within 4 weeks. Then, crocin was injected IP. [14] 
Sperm collection
One month after the 1 st day of the treatment, the rats were sacrificed through an intraperitoneal injection of ketamine (40 mg/kg), and laparotomy was conducted. Then, testes and epididymis were collected. The cauda part of the epididymis was used to assess sperm parameters, and the right testis was handled for histological exercise. In each animal, both cauda epididymis were located, minced, and protected in a warm Petri dish containing 10-ml Hank's balanced salt solution at 37°C. The spermatozoas were permitted to disperse into the buffer. After 20 min, the cauda of epididymis was removed, and the suspension was mildly shaken in order to be homogenized and was examined under a light microscope at a magnification of ×400. [9] 
Sperm count
For calculating the sperm, 500 µL of the sperm suspension was diluted (dilution of 1:10) with formaldehyde fixative (10% formalin in phosphate buffered saline) (Sigma, USA). Nearly, 10 µL from the diluted solution was moved into an hemocytometer. Hemocytometer was located in a moist chamber (Petri dish) with a dampened filter paper and was kept there for 7 min. Hemocytometer was placed on the microscope stage. Then, the settled sperms were counted (four small corners were counted and center squares were situated in the great center square of the counting chamber) and evaluated per 250 small squares of a hemocytometer using a ×40 objective. [10] Normal sperm morphology techniques
The normal sperm morphology was assessed through the analysis of the sperm smears made from the left cauda epididymis. An aliquot of the sample was used to make the smears and estimate the spermatozoa deformities. Eosin/ nigrosin stain was used to estimate normal spermatozoa morphology. In order to test, one drop of eosin/nigrosin was added to the suspension and mixed mildly. The slides were then viewed below a light microscope at ×400. A total of 300 spermatozoa were analyzed on each slide (3000 cells in each group) to identify the irregularities of the head and tail. [7] Sperm viability method Viability was measured through eosin Y staining (5% in saline). Forty microliter samples of a fresh sperm suspension were placed on a crystal slide, mixed with 10 µL eosin and detected below a light microscope (×00). Live sperms remained unstained following the staining process, while those showing pink or red coloration were classified as dead. At least 200 sperm were randomly counted from each sample in 10 fields of visualization, and the percentage of the live sperms was noted. [17] Advanced Biomedical Research | 2019
Sperm high motility
The ratio of sperm motility was assessed visually through a light microscope (Olympus Co., Tokyo, Japan) at ×400. Using this technique, one drop of sperm suspension was located on a glass slide and enclosed with a lamella. The number of the sperms with rapid progressive forward movement was calculated in frequent microscopic fields of vision and the percentages of high motile sperms were attained. High motility estimations were acquired from 10 diverse fields in each sample. The mean of 10 successive estimates was used as the last high motility score. [14] 
Measurement of the germinal layer of seminiferous tubules
After the testes fixation through neutral-buffered formalin 10%, the histological processes including dehydrating, clearing, and embedding were carried out. Five-micron thick sections were prepared and H and E staining method was used. More than 20 sections were equipped with the respective blocks. The germinal layer of seminiferous tubules thickness was measured using a Motic camera and software (Moticam 2000, Spain). [2] 
Spermatogenesis index
Testis tubules were evaluated for their modified spermatogenesis index (SI) through Johnson's score. Based on Johnson's score, a grade from 1 to 10 was given to each tubule cross-section ranging from no cells to complete spermatogenesis. [18] 
Statistical analysis
The quantitative data were presented as mean ± standard deviation. One-way analysis of variance followed by least significant difference and Tukey post hoc tests were used to determine the statistical significance among the groups through SPSS package (Version 18, SPSS Inc., USA). The Kruskal-Wallis test was used to examine data normality and homogeneity of variances, considering a significance level of 0.05.
Results
Sperm count and morphology normality
The sperm count and morphology increased significantly in the diabetic control group compared to those in the normal control group (P < 0.05). No significant variations were detected in all of the crocin groups compared to the normal control group (P > 0.05). However, sperm count and normal morphology increased significantly in all diabetic groups compared to the diabetic control group (P < 0.05) [ Figures 1 and 2] .
Sperm viability and motility
Diabetes caused a significant reduction in the sperm viability and motility compared to the normal control group (P < 0.05). No significant changes were observed in all crocin groups compared to the normal control group (P > 0.05). In addition, in all diabetic groups, sperm viability and high motility displayed significant increase compared to the diabetic control group (P < 0.05) [ Figures 3 and 4 ].
Seminiferous tubules
Diabetes caused a significant reduction in the germinal layer of seminiferous tubules diameter compared to the normal control group (P < 0.05). In fact, no significant changes were observed in all crocin groups compared to the normal control group (P > 0.05). Germinal layer of seminiferous tubules diameter in all diabetic groups increased significantly compared to the diabetic control group (P < 0.05) [ Figures 5 and 6 ].
Spermatogenesis index
Diabetes caused a significant decrease in the SI compared to the normal control group (P < 0.05). No significant changes were observed in all crocin groups compared to the normal control group (P > 0.05). In addition, SI in all diabetic groups displayed significant increase compared to the diabetic control group (P < 0.05) [ Figure 7 ].
Discussion
Diabetes causes sexual complaints. In more specific terms, most of diabetic patient's involvement reduced their sexual want and fertility power. The most important reason of infertility in males is their incapability to sufficiently produce healthy and dynamic sperms. [2] Pharmaceutical plants have been used to treat diabetes around the world; however, their effects have been rarely investigated. [16] Thus, considering the properties of crocin and the lack of studies on the effects of these carotenoid and negative properties of diabetes on males' reproductive system, the present study evaluated the effects of the crocin on the disorders of sperm parameters and testis tissue induced by STZ in male rats. The results of the sperm count, motility, viability, and normal morphology in diverse study groups indicated a significant decrease in the above-mentioned parameters in the diabetic group. Similarly, a significant increase was detected in sperm count, motility, viability, and normal morphology in all crocin groups compared to the diabetic control group. Spermatogenesis is a multifaceted procedure which can be affected by frequent aspects in reduced fertility in males. [7] Oxidative stress is one of those reasons, which is induced in the case of accumulation of ROS due to an inequality among antioxidant systems. [19] It seems that blood glucose increased the oxidative stress in the body through an disproportion among oxidation and revitalization and amplified mitochondrial superoxides production. [20] ROS can affect DNA and RNA synthesis in sperm cells. [9] Therefore, it was assumed that crocin raises the count and motility of sperms in the treated groups through improving the antioxidant protection of the body. [21] This was in agreement with the findings of Salahshoor et al. who indicated that stimulation of diabetes in rats reduced significantly their sperm count, viability, motility, and normal morphology comported to the control group. [2] Seemingly, oxidative stress also acts in sexual germ cells and interrupts their division and differentiation. [22] Through increasing the manufacture of free radicals, hyperglycemia modifies the sperm parameters and destroys the integrity of DNA. [23] Furthermore, the plants containing antioxidants approve the motility and morphological capacities of sperms and improve sperm's quality. [17] In the present study, the improvement of some sperm parameters can be attributed to the antioxidant properties of crocin. [14] It seems that the sperms miss a large volume of their cytoplasm due to the antioxidant deficiency during spermatogenesis and become more sensitive to the increased ROS. These results revealed that crocin can perform as an antioxidant and advance the sperm quality through increasing the expression of antioxidant genes. Therefore, it seems necessary to use an antioxidant with plant origin such as crocin without side effects and with reinforcing effects. [13] In line with the results of the present study, the findings of Asadi et al. indicated that saffron improves significantly the epididymal sperm parameters that are exposed to cadmium. [24] Oxidative stress can cause faulty gamma with different chromatin (remodel), which becomes susceptible to the attack of free radicals, and can decrease the number of spermatogonia, spermatocytes, spermatids, and spermatozoa. [25] In agreement with the results of the present study, Niknam and Mahmoudi described that the induction of diabetes increased significantly sperm abnormality and reduced sperm count and motility as well as the diameter of seminiferous tubules and sperm cells in male rat. [26] It seems that crocin, as one of the main compounds of saffron, recovers sexual function in animal models. Crocin can similarly increase testosterone level and play an essential role in improving sperm quality. [27] Our results are consistent with the findings of Salahshoor et al. which showed that the administration of crocin increased the sperm motility and count and decreased abnormal sperms, compared to the nicotine control group. [14] The results of the present study indicated that diabetes decreased the diameter of germinal layer of seminiferous tubules. It should be noted that basement membrane's thickness in seminiferous tubules plays a significant role in reducing spermatogenesis. Diabetes can increase basement membrane's thickness and reduce the internal diameter of seminiferous tubules. [28] Rajasekaran et al. reported that increased blood glucose caused a growth in basement membrane's thickness which is in line with the findings of the present study. [29] It seems that the antioxidant properties of crocin, neutralize the decreasing effects of diabetes on germinal layer diameter. [2] Moreover, the results of the present study indicated that diabetes decreased the SI. Similarly, a significant increase was detected in SI in all crocin and diabetic groups compared to the diabetic control group. Therefore, the SI shifted from level 8 (few spermatozoa) to 5.5 (no spermatozoa and many spermatocytes) during the treatment with STZ and the administration of crocin increased the spermatozoa. Our results are supported by the findings of Khayatnouri et al. which showed that the administration of saffron increased the SI in rats. [30] 
Conclusion
The results of this study showed that STZ, as an inducer of diabetes, can produce abnormalities in the testicular tissue and sperm parameters. Besides, as an antioxidant, crocin could increase the quality of some parts of the spermatozoa such as raising sperm viability, count, normal morphology, and high motility and recover germinal layer of seminiferous tubule in diabetic rats. The antioxidant effects of crocin may be the main reason for its optimistic impact on spermatic parameters. Thus, crocin could be valuable in treating infertile diabetic men and partially improving male fertility properties. However, further studies are essential to explain its exact mechanism of action.
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